SYNOPSIS Abnormalities of taste and smell were studied in 29 patients after head trauma. These abnormalities included decreased taste acuity (hypogeusia), a distortion of taste acuity (dysgeusia), decreased smell acuity (hyposmia), and a distortion of smell acuity (dysosmia). This syndrome can occur even after minimal head trauma and can begin months after the moment of injury. The patients exhibited a significant decrease in total serum zinc concentration (patients, 77 + 3 Vg/100 ml, mean + 1 SEM, vs controls, 99 + 2 jg/100 ml, P> 0-001) and a significant increase in total serum copper concentrations (113 + 4 Cug/100 ml vs 100 + 2 [ug/100 ml, P <0-001) compared with control subjects. Symptoms of hypogeusia, dysgeusia, and dysosmia are frequent sequelae of head injury and are important to the patients and to their care after trauma.
Loss of olfactory acuity after trauma to the head is a well-recognized phenomenon and has been estimated to occur in 1.3% to 65% of all head injuries (Laemmle, 1931; Sumner, 1964) . Blows to the occiput have been reported as more likely to produce loss of smell, presumably by a contrecoup effect, than blows to the forehead or other sites on the head (Sumner, 1964) and even trivial injuries have been shown to result in olfactory sensory deficits (Sumner, 1964) . In addition, distortion of odours has been described after head trauma (Leigh, 1943; Sumner, 1964 Sumner, , 1967 . Spontaneous recovery of olfactory acuity has been claimed in 8% to 3900 of patients suffering from post-traumatic loss of smell (Leigh, 1943; Sumner, 1964) .
On the other hand, abnormalities of taste sensation after head injury have received much less attention and have been reported to occur less frequently than do olfactory disorders. The first description of taste loss after head trauma was made by Ogle in 1870. Since that time, additional cases of post-traumatic taste loss have been described in the literature. The incidence of this condition has been estimated to be approximately 0-40/o of all head injuries, a much lower incidence than that for post-traumatic olfactory disturbances (Mifka, 1965) . Usually decreased taste acuity has been reported to be accompanied by decreased olfactory acuity. In the majority of cases return of taste acuity has been reported in the course of time, suggesting that this abnormality is more amenable to correction than post-traumatic smell loss (Sumner, 1967) . No relationship between severity of head injury and the occurrence or duration of taste loss has been previously reported (Sumner, 1967) .
Distorted taste sensations have been reported to accompany post-traumatic taste loss (Sumner, 1967) . The incidence of distortion of either taste or smell or both in patients with post-traumatic taste loss has been estimated to be between 6% and 33%o (Leigh, 1943; Sumner, 1964 Sumner, , 1967 .
However, the presumed diagnosis of 'anosmia' or 'ageusia' has been made in these studies on the basis of clinical subjective reports, without quantitative measurements to specify the degree or extent of the taste or smell losses.
In this paper we present data on 29 patients who experienced abnormalities of taste and smell after head trauma. Quantitative estimates of the losses of taste and smell were made. The relationship of the sensory losses to alterations in trace metal metabolism will be discussed.
METHODS
On the bases of careful evaluation of symptoms of approximately 400 patients with taste and smell complaints we have described alterations in taste and smell perception as follows (Henkin, (Henkin, 1967b) .
Type I hyposmia Inability to detect or recognize any vapour at primary area of olfaction but maintenance of acuity at accessory areas of olfaction (Henkin, 1967b) .
Type II hyposmia Decreased acuity at primary area of olfaction with maintenance of acuity at accessory areas of olfaction (Henkin, 1967b Marshall and Henkin, 1971) . Smell thresholds were measured on one to three separate occasions. The lowest threshold was used for analysis whenever more than one measurement was obtained.
MEASUREMENTS OF METAL METABOLISM Serum concentrations of zinc and copper and 24 hour urinary excretion of these metals were determined. Blood and urine samples were collected in metal-free tubes and plastic containers, respectively, as previously described (Meret and Henkin, 1971) . Measurements of zinc and copper were carried out by atomic absorption spectrophotometry on an IL Model 153 atomic absorption spectrometer by a method described previously (Meret and Henkin, 1971 0.~.'0 (Henkin et al., 1971; Schechter et al., 1972 Each patient studied exhibited elevated detection or recognition thresholds for at least one taste quality. In four patients threshold elevations were minimal, the major abnormality consisting of a confusion in the recognition of sour and bitter. These latter patients complained primarily of dysgeusia. Eleven patients who As with taste acuity, no correlations could be made between extent of olfactory loss and severity of injury, presence or absence of skull fracture, locus of blow to the head, whether or not a period of unconsciousness followed the trauma, or to the variability in time after injury at which the symptoms occurred.
DISCUSSION
The present study describes alterations in taste and smell in 29 patients after head trauma. These 29 comprise the single largest reported series of patients with post-traumatic loss of taste and the only group in whom quantitative measurements of taste acuity have been determined. Although it is not possible to estimate prospectively the incidence oftaste disturbances after head trauma, careful attention to the patients' complaints and quantitative taste testing revealed a greater incidence of taste abnormalities than the 0 4°/ previously estimated (Sumner, 1967) . In addition, although taste and smell abnormalities usually occur immediately after head injury, these results emphasize that symptoms can commence several months after trauma. These observations suggest that patients should be observed at intervals subsequent to their injury in spite of the absence of other signs or symptoms of neurological dysfunction at the time of injury.
Differentiation between delayed onset of taste and smell abnormalities in patients after head injury and some forms of 'idiopathic' impairment of taste and smell can be difficult. Aetiological factors such as the sudden onset of the impairment after an influenza-like illness or some surgical procedure or the administration of a drug (Henkin, 1971a) are useful sources of information to help in this regard. The presence of acute or chronic local nasal pathology such as polyps, sinusitis, rhinitis, or nasal allergies is also useful. However, in those patients who note only a gradual, progressive diminution in acuity in taste and smell, the history of a specific incident of head trauma may be the only aetiological factor which can be used to differentiate these patients from those affected by the myriad of other causes of taste and smell abnormalities (Henkin, 1967a, b) . Quantitative measurement of taste and smell loss, presence or absence of dysgeusia, and measurement of serum and urinary zinc levels may also be useful to differentiate post-traumatic from some types of 'idiopathic' impairment .
No relationship between severity of head injury, presence or absence of amnesia or skull fracture, specific locus of injury, and severity of sensory loss could be made. However, the high incidence of occipital trauma in these patients suggests that a blow to this area of the skull may predispose to taste and smell alterations. Even minimal trauma may be sufficient to precipitate sensory symptoms.
In all cases olfactory symptoms invariably accompany gustatory complaints. Objective measurements of taste and smell acuity revealed that elevated smell thresholds invariably accompanied elevated taste thresholds even if patients did not complain of loss of smell.
Fifty-two percent (15 of 29) of the patients had symptoms of one or more forms of dysgeusia or dysosmia. This incidence is considerably higher than that estimated by previous investigators (Leigh, 1943; Sumner, 1964 Sumner, , 1967 . In some patients these symptoms were much more FIGURE. Total serum concentration of zinc in 27 patients with hypogeusia and hyposmia after head injury (Lii) and in 95 control subjects (U). The per cent of total individuals in each category is plotted on the ordinate, serum zinc concentration in 1ig/100 ml on the abscissa. Note the shift of the distribution of the serum zinc concentrations of the patients toward the direction of lower than normal concentrations of zinc.
i . I disturbing than the hypogeusia or hyposmia and not uncommonly obscured the actual loss of sensory acuity. Indeed, because of the intensity of these obnoxious taste and smells some patients with dysgeusia and/or dysosmia considered their taste and smell acuity to be more acute than before their trauma. METAL MEASUREMENTS Total serum zinc and copper concentrations and 24 hour urinary excretion of zinc and copper in the patients were compared with those from control subjects ( Table 5 ). The patients exhibited a significant decrease in total serum zinc concentrations (P < 0-001) and a significant increase in total serum copper concentration (P < 0-001) compared with controls. Urinary zinc excretion was also slightly but not significantly higher in the patients while no differences in the urinary excretion of copper were observed. The Figure illustrates the differences between the distribution of concentration of total serum zinc in 95 control subjects and in 27 patients with hypogeusia and hyposmia after head trauma. There is a shift of the distribution of serum zinc levels of the patients toward the direction of lower than normal zinc concentrations. No control subject had a total serum zinc concentration below 61 ,ug/l00 ml whereas 18% of the patients had serum zinc levels below this value. On the other hand, no patient had a total serum zinc concentration greater than 110 ,ug/ 100 ml, whereas 22% of the control subjects had serum zinc levels above this concentration. The aetiology of dysgeusia and dysosmia after head trauma is obscure. Paskind (1935) suggested that dysosmia was a symptom of nerve irritation which preceded anosmia or nerve destruction. On the other hand, Leigh (1943) suggested that dysosmia represented a stage of recovery from anosmia. Since dysosmia can commence long after the appearance of hyposmia, Paskind's hypothesis is not tenable. Leigh's suggestion also does not adequately explain the causation of these symptoms, since many cases zi !ii *.Iz of dysosmia and dysgeusia have been observed without any subjective loss of taste or smell or without objective threshold elevations of taste and smell (Schechter et al., 1972) .
The magnitude of the subjective complaints of loss of smell in these patients is of interest because the majority of these patients exhibited type IL hyposmia, a quantitative defect in olfactory acuity. This differs from type I hyposmia, which characteristically follows surgical interruption of the olfactory nerves, extirpation of the olfactory epithelium in maxillofacial procedures to treat carcinoma of the sinuses (Hoye et al., 1970) , or after total surgical laryngectomy (Henkin et al., 1968) . Many patients with type II hyposmia are unaware of their sensory loss (Henkin and Marshall, 1971) . However, the suddenness of the loss of olfactory acuity which usually follows the head trauma may be the stimulus for the complaints of the patients.
The mechanism whereby a single blow to the head produces abnormalities of taste as well as smell is unclear. Post-traumatic hyposmia has been thought to be produced by a shearing of olfactory nerve filaments as they pass through the rigid cribiform plate (Ogle, 1870; Sumner, 1967) . Although this hypothesis may explain the hyposmia resulting from trauma, it does not explain the accompanying abnormalities of taste, since simultaneous bilateral damage to the olfactory, lingual, glossopharyngeal, and vagus nerves does not occur in these injuries. Indeed, each patient in this study exhibited normal oral papillae, salivary flow, and pharyngeal and laryngeal function, observations which are incompatible with intact sensory function of the seventh and ninth cranial nerves. Further evidence against such a neurological lesion producing both taste and smell abnormalities is that this entire syndrome can occur after head trauma of such a mild degree that medical assistance is not sought. In addition, this syndrome occurred without any other residual neurological deficits including those of cranial nerves seven and nine in most patients studied.
It has been reported that in most cases of taste loss after head trauma there is a spontaneous return of normal taste acuity with time (Sumner, 1967) . This had not occurred in any of the patients observed in this study even though intervals as long as 23 years had elapsed between the time of head injury and the time they were observed in our clinic.
We have previously demonstrated that alterations in the metabolism of trace metals either drug induced Henkin and Bradley, 1969; or secondary to various disease states (Henkin and Bradley, 1969; Schechter et al., 1972; Cohen et al., 1973) are associated with alterations in taste and smell acuity. Patients with the syndrome of idiopathic hypogeusia with dysgeusia, hyposmia, and dysosmia exhibit decreased concentrations of total serum zinc and increased concentrations of total serum copper (Schechter et al., 1972) , the values being numerically quite similar to those observed in patients after head trauma. The oral administration of Zn + + to patients with the former syndrome resulted in a decrease in symptoms and return of taste acuity towards or to normal in a significant number of patients (Schechter et al., 1972) . Patients with hypogeusia after thermal injury exhibited decreased serum zinc concentrations and increased 24 hour urinary excretion of zinc (Cohen et al., 1973) . Administration of the amino acid, L-histidine, associated with a significant zincuria and subsequent hypozincaemia with a loss of total body zinc produces hypogeusia, hyposmia, anorexia and, not uncommonly, dysgeusia and dysosmia . Administration of Zn+ +, in the face of continued L-histidine administration, was associated with the rapid return of serum zinc to normal and the correction of the abnormalities of taste and smell to normal . The relationship between altered sensory perception and abnormalities of zinc metabolism has been documented in various forms of liver disease Smith, 1971, 1972) , growth retardation (Hambidge et al., 1972) , malabsorptive processes of several types (Henkin, unpublished observations), and malignancies of several types (Henkin, unpublished observations) .
Since patients with hypogeusia and hyposmia after head injuries exhibit serum zinc concentrations similar to those observed in patients with hypogeusia subsequent to zinc loss some aspects of the altered taste and smell perception in patients after head trauma may be secondary to alterations in zinc metabolism. If these patients were to respond to oral zinc administration in a similar manner to that observed in patients with idiopathic hypogeusia, then improvement in these taste and smell abnormalities might be expected. Studies are currently in progress to determine if this hypothesis be correct.
